KPA XML ^Ai 



nilOIXI 1 / 1 



(1 9) KOREAN INTELLECTUAL PROPEFTTY OFFICE 



KOREAN PATENT ABSTRACTS 



numbe?''^"°" 1020030014872 
(43)Date of publication of application: 
20.02.2003 



(21)Application number: 
(22]Date of filing: 


1020010048758 
13.08.2001 


(71) Applicant: 

(72) lnventor: 


SAMSUNG ELECTRONICS 
CO.. LTD. 

HA, SANG HYEOK 
KIM. MIN GU 


{51)lnt. CI 


H04L 27/34 







(54) DEMODULATION DEVICE OF COMMUNICATION SYSTEM USING MULTI-LEVEL MODULATION AND 
METHOD THEREOF 



(57) Abstract: 



PURPOSE: A demodulation device of a C ^ ^ ^1 

communication system using multi-level modulation I ^-'^j-'" h «» | r.-ix^?, 



and a method thereof are provided, which calculate 
an input soft decision value of a channel decoder 
calculated by a dual minimum metric method, 
without a mapping table or a complicated 
calculation required to obtain a minimum distance 
value with a receiving signal. 




CONSTITUTION: The demodulation device 
demodulates 16-array QAM(Quadrature Amplitude 

Modulation) receiving signaKRk). A Zk is obtained by subtracting a distance(2a) between two demodulation 
symbols on the same axis on a mapping diagram from an amplitude of a quadrature phase component. A 
Zk is determined as a soft decision value as to the third code symbol of four code symbols. Then, a soft 
decision value as to the fourth code symbol is determined by calculating "Yk + alpha Zk" with the first 
variable(alpha) determined with the soft decision value as to the third code symbol and a sign of the 
quadrature phase component. And Z'k, which is obtained by subtracting the distance from an amplitude of 
an inphase component, is determined as a soft decision value as to the first code symbol. Then, a soft 
decision value as to the second code symbol is determined by calculating " Xk + beta Zk" with the second 
variable(beta) determined with the soft decision value as to the first code symbol and a sign of the Inphase 
component. 
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(71) #«?1 

Dll^3.g. 416^^1 

(72) ^^7]- 

7] S^^Al ^>a^^MV>g.g.488^-g-o].3^E 121^10035: 

^ 71 A] <g .f.:§.973 _3^>^ 6>3q.H822 - 406 

(74) cllelo] o]^^ 



■& ^'S'S- 16-ary QAM(Qudrature Amplitude Modulation) T^^'ilJ: R ^2:51-7] ^^S, ^t,] ^SL^'^ 

de symbol)* ^ 3«i^>ll «.3:^^oi] cfltb ^S^'SSit-e.S. ^i^g^cf. cl..g.o.s, ^7] 3?i*l| ■¥-:t:>a-i-<Hl ifl^ <a^=ail: ^ 

o\] cflt!- ^^^Vcf. Il^^3Z -^^^S- A^^Sl 371(1^. )ollAi ^7) 7lHl(2a)l- ^^91 Z\m 1^^ 

^^■i-ofl cfltb -a^^a^S. ^^^cf. c1-^6.s., ^7] 1?!?<|| -^-SL^l-ofl rfl^V <?!#^5it ^ ^71 ^sf\^ A^-S-o] 
7Mal :i^:a Xll2^-^ 3 « 7V^1j1 ^ - X^+B Zk- -l- Jfl-tV^F'^ 2^^ ^-ai-oJI t^^ S^^Vc]- 



£ 2 

16-ary QAM. SOFT DECISION VALUE. CHANNEL DECODER. SIMPLE METRIC. DUAL MINIMUM METRIC 
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JE. 1^ 16-ary QAM^l 'I^^Csignal constellation)!- SAlsJ-fe- s.^. 

^"g^l ^Al a,]oi] t4= 16-ary QAM^ ^^^]^^o^^'^ ^^^S.7]S. <Q^^^ ^ 7m ^^^tk 

■£ 4fe- -g- ^^S] oqon iq.^ 16-ary QAM^ ^3:«<J-^^S. Aflej^F c-))o1e] f-^ Al^^^oflAi *B^^3:7l <aa 

^^-B: cf^iiil'a^2:(multi-level modulation)«o'-^^ ^^^^ -f-A] aJ^^oj ^3:(demodulation)^^l ^ •y-'goll 
esj 16-ary QAM^ o.^. sflej^F *ai aJ^^o^ ^S7l(demodulator)o11 x-i sfl^4S:7l(cha 

nnel decoder) 21 9l^^ik-^ ;^lW7l ^ ^g-^ofl ^Q-^ ^Joln)-. 



^^]^ ^-tl ^l^^ofl^i i^ajs^ S-g-C spectral efficiency)^ ^ol7l »^^2] sj-q-oj i 

6-ary QAM^ >^f-g-«H ^'i-¥-J:7l (channel encoder)<^ SlSfl -tl:5:# ^ 't^'tl*!- "fl, o]^ T^-ilTl-fil 

-*ll'i-^-s:7l (channel decoder )<>fl>«'i ^'^^^^^^(soft decision decoding) -f-sfl ^S:s)-7l ^Sfl'^i^ ^^7]7} 

■S-^^(in-phase)'tl^^&^ ^3!1^'^( quadrature phase)'ids:>a&^^ 2^1-^ T^-tl-tl^^^E) jifl<^«.j:7] 

(channel encoder)^! #^ HlH(bit) ^^"^ ^-S-*>fe ^^^SKsoft decision value)#* xflfe a^^ o^jj_^ 

#(mapping algorithm)^ 7>:^lai Xl<Ho|: 



ole^^V A>^ -a-Jiell-oflfe HTll ^ 7H n.H<^l i.7loKNokia)A>7V ^]-^^^ (simple metric 

rocedure)2f J2.£te1-(Motorola)Af7> ^]^^^ <*)f'^:ii«llHei^(dual minimum metric procedure)*^! 

c-ll -f- 3.^ n HjEofl tflt!- LLRdog likelihood ratio)-!- ^l^il-sl-c^ o]s. jtfl^45i7lsj <a^^S;t^5. 



^J§nBE^.g^ LLR 7fl^>^^ ^V^tt!- « Eflol e^VAj <>iJie11-o.S LLR 7?l-t>^ ?.Ha«V^l^V 

sfs.^oi ^^Ajofls. ^ 4^£ofl 5[2o^A^ ^t^^ -g.7].7i. afl^a-si^ ^;m:a-g- ojjx 



D^el-A-I ^1^3] s.^ o. 16-ary QAM* A^^sf^ -i-A]Aj>,^o^ 42:7]oflA-l c)]f'aldiiDHHei^(dual 

minimum metric)^!! 2l*i] ^jAjs)^ ^l)^^^7lfi1 ^^^§t* ^^1^5:2^21 ^^^7^^^?;t( minimum distance va 
lue)a ^71 ^«fl ^^5)^ Af^a(mapping table)^ ^H2l(processing)aiol ^^t}>\\ ^]^ty7] gl 
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^7] ^^^^ ^^^^7] ^ -J-tgoj eflofl iq|M^Si7lfi1 #^oi ^s.^^ Al«>b(sequence)l- 47ll3| 
«1H ^^S. H-¥o1 3lia^>i.>^^&(Q,)^ 167]\2] Ai:t:^(signal point)*^ SfM-^ Af^v 

^ Siol^l. ^71 371(11'* )oqAi A>^£S| ^>5^o|lAi ^ ^2,^^^vo^ 7lal(2a)» ?}AV«fl 3^^ 

^^-a-l-ofl cll^ <a^^s;t-^*» ^^s^, ^71^*S1 -^-^Csign bit)?]- -g-(-)ol^ m^'^ a^-O" j^S.^ 

^^JL, ^7l-Z*£l ^s:7> 0 SE^ '?}=( + )olJ7 ^V7l a]H^Aj.o| A^^o] ^(-)o]^ ^p] ^Hll^^ a «■ " -1" S. ^^^Sf 
^. ^7)^*3^ ■¥-3L7>0 £fe 'y=( + )olJi ^7] 3liIl^>S3-2l A^^o) 0 afe <a=( + )ol^ -^7] a 1- " 1" 

4^4. ^71 ^^^^ A^^. ^71 >S-7l ^1^^ a 1- 7VX1J1 ^ Yk+a ^" # Xl^^^ 44^^ ^S.^^ 

ei(2a)» 7j-tt«fl i^^<ii ^Ji-a-i-ofl cfl^ <a^^at2'*# ^^^^ ^^si^, ^7]Z',2\ ^±7} -i-(-)o]^ 42^^ 3 1- •• 

0" ^S. l^«Vul, >*7l2',Sl «-J:7l-0afe<g=( + )olal^7l ^^^^ A^^o] ^(_)ol^^7l ;Hl2^^ 3 * " 
^^«M. ^^7l2',s] :?.3i7> 0 £fe <?f( + )ol5l ^7] ^fl^^vo^ A^«.o] 0 <y=( + )ol^ >S-7l ;t])2^^ 3 « " 1" S 
^^S>^ ^7) A^^. ^7] z; ^ ^11^^ a # 7\A^ <M Xk+a Z|i" ♦ TJlAVdfo^ ;4l2^?4| 



^"g-g: 16-ary QAM* «o'-^ o.^ ^Sjt!- cflojE) f-A] Aj^^^s^ ^2i7loI|A-l olf^^^nljE ej ^oj) o^sfl tj) 
-y-slfe sil!i^s:7lsl ^Ja-^Sl:* >^l-^iE(mapping table)H- ^Nl^ ^ Sife- nJ-^ofl tflsfl 

2^>« -^'}i>tIJ:S.-?-El ^%\% o^^-^Stl-* «^iaiel#^ t\^^ :^cf. ol^sfl^:v-Ji7l (binary c 

hannel encoder)^! #^0] -^-Jlajm. a] ^>;( sequence m?])^) HlH 14^^^ ^, M(=2 )7lla| AlJ::g(sig 

nal point) 7\^^\ ^fl-^slfe ai^^ o.^ ^V^sj^l. o] ^s] Af^^^ neJlo) «J-il'(Gray coding ruleV* 
''I* M-Efvfl^ 5|-7l < ^^ij l> 2). :g^c}-. 



^7] < ^«l-Aj i> (i=0, 1, m-l)fe k^^ 4)1-3. A].>a-£]^ '>l^sH'i^J:7ls] A]^^ 7]-^cfl i+1 

«^ ^5:4J1-* Ik^ Qk^ k^^ *^>5hAl5:A^^2f 3}s^^a}j:a^ «^ aluittcf. i6-ary Q 

AMS] :^-^.m=4o]T^, o]<^ A^^£(signai constellation)* £ lofl JE.a1s).j1 ^v:^, ^a)^ uj-iq. ^o] ^y] 

a^^Cf. -^7) £ 1^ oil* S-o^, ;^]1A)-^^^ 47l)ol O.^ ^^SM, ^^(^% ^a-^) 'g^oflfe- AJl-l " 0 

001" o] ufl:g«l.ji, 'g^ofl^ " 0101" o] uH^sM. -f^ <g^ofl^ " 0000" o] nfl^Sl-JZ. -feV <a^ollfe- " 0100" 

Ik^ Qk"^ 'y-S-slfe ^'!J71S] -a -ar4S7l (symbol demodulator) t-^-i- '^■^^(complex number) ^eH^ M-E|tn^ 
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= gkih + jQ,) + {r]l+jr)?) 

^7] < 2> ol]Ai x,^ Ykfe ^^^^3.7] ^ ^IS^H-S-ilsl^^^-g- S\r,]^r^ 

^^^^^ ?i=g^ulj^ (transmission media) ^ ^^^2] ois(gain)^ i^-^j M-Efvflfe ^^^^^(complex coefr 
icient)o)al. al- sg^o] oo] Ji ^avo] o= o] 7f^Alo>^^ (Gaussian noise)^^ -f-Tl]^^^ x-l^ ^^tl ^^]o]^. 



^7] Sk.i (i=0, 1, m-l)fil- LLR (log likelihood ratio)'8- ^}7] < 3> ofl o^^fl ^ ^ 

-2-0^, ol-i- (channel decoder)«fl "g^Elfe 'S^^St^.s. a}^^ ^ o^t^ 

3 

Pr{5,,=0|^.,K| 



>S-7l < 3> oflAi Kfe ^^oH, Pr{A|B}fe b?]- "H ^V?! A5\ ^f-s. ^sis^fe S^^^l- 

(conditional probability)olnf. zie^, ^^-7) < 3> ^ Hl-i!^(non-linear)olo^ Hijaaj ;^1a1-%=* 

^sfl^i^ >S-7l < 3> ^ eA>^(approximation)^ -f- Si^ ^^^€\. ^v^] < 

7) < 4> fif ^cf. r*f r>_ r 













-z»(*w=i)r • 



exp 




-z,(*w=0)f 


exp< 




-2.(^u=i)r • 



= Ar'[inin|/!.-z4(j„ =l)j'-inin|/?, =0)f ] 



'i^7] < 4> ot|xif=(l/oJJ: ojt^, 2^(s^, =0)<4z^(ski =1). 

^ Zi,(Sk.i =1)» #0>0|: ^cf. 
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A(*,j) = /r[min|j«, - J, (j„ = - iniii|/?. - (*,^ = 0)f ] 

= Ar'(2n., = „.^)|' _™„|jf^ _ = j 



D]SM '^k.i ^ nk.i ofl cflt^ -f-^ (negation)^ ^^l^i^. ^I^^le] ^Jl^^ R ^^^y-AlJiA^^^l. 3) J2^>a-Ai2^^-i 
JS] S^S] ^^oH o^gfl ^^^cf. ^71 < 5> 21 1-^ [. ]^3\ ^ 51-71 < ^^l-i] 6> 4 ^^r^ ^ 



6 



t« 1 t^l """"^ • • . nk.o }^ sl«|) AV^=1^ AlJ:;aol ^^.^.jj: 

SE^. ^71 < 5> SI [• ]^S1 ^ «1^<|| Sf7l < 7> 2f ^ol ^ oicf. 

7 



^V7l < 7> oflAi u,, 2^ V,, ^^2^9 ^±m}^ ZkS] ^aV^ Al^i . n,^. )^ ...^ 

mk.i . mk.o ^l-'S-slte^J:^^! -^^l^^JSi^^^^ ^lafl^A] sIdJ^cI- ^7] < 6> 4 '*7l 

< 'T^^7> oil 21«(1 >S-7l < ^«l-Al 5> ^ e).7) < 8> 4 :^o] ^sl^lcl-. 
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^71 < 8>oil 16-ary QAM^ •Jf^ ^.^ ^fleitb ei]o]^ f-A] Al>i,^s] 5fly^JL7l «a 

^ ^^^5t^ 4^4 'd^l 16-ary QAM ^-tl-JJ: R ^ ^JJ:.^^ X, 7,3Jb1 fn," „ 

2, rik., . nk.o } ^ Uk, Vk* ^SF7] ^«}) < i l> 2f < i 2> « oj^^cf. < a i> ofl^ ^ ion virtU 7\s.4oi' 

7f ^ehuf S|o^^ ^^.^ 37fl^ ^^1^ ^, Y, = -2a. Y,=0. Y.=2ao11.i^ ^S^sj^l ^J^. < W2> ofl 

^ £ H u+El-ld- ^l^^ofl ^^^V 4,fls] .^^ofl cfl*J) ^aJ^J: R^ol ^^.J. .J^;.^ « Xk7> Z|- cg^ofl ^ol 

^^K, . ) S Uk7V i4Em sion^. ^.k = -2a. Xk=0. X,=2ac^^^^ ^^ik^^ >S^sl 



[S 1.1 



\^ 


(nk.3 


nu ) 


Vk 


Yk> 2a 


(0.0) 


3a 


0<Yk<2a 


(0.1) 


a 


-2a < Yk< 0 


(1.1) 


-a 


Yk< -2a 


(1,0) 


-3a 


I JL 2] 




(nk.i . 


nk.o ) 


Uk 


\> 2a 


(0.0) 


3a 


0<Xk<2a 


(0.1) 


a 


-2a<Xk<0 


(IJ) 


-a 


\< -2a 


(1.0) 


-3a 



< K3> ollfe 4 i(ie{0, 1. 2. 3})<H| cHSfl 1- 



^ «1* {Hk 

Vk.i * 



[S. 3] 



1 


^nik.s , m|,.2 , mid . mi,o } 


Vk.i 


Uk,i 


3 


{ m.3 . 1. rihi , mo } 


Vk.3 


Uk 


2 


{nk,3. k,Z7„y ,1, „k ,0} 


Vk.2 


Uk 


1 


nk,2. 


Vk 


Uk,i 


0 


tnk.3. nk.2. nti. 


Vk 


Uk.o 



< S 4> < S 5> (nk.3 . nk.2 )^ (nk.i . nk.o )^ 2-^ ^i^ofl ifl«fl z^z}- < a 3> ofl^l mu, ) 
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IS 4] 



("it.3 .nk.2 ) 


Vk.3 


Vk.2 


(0.0) 


-a 


a 


(0,1) 


-a 


3a 


(1,1) 


a 


-3a 


(1.0) 


a 


-a 



[5 







Uk.o 


(0,0) 


-a 


a 


(0,1) 


-a 


3a 


(1.1) 


a 


-3a 


(1.0) 


a 


-a 



» < S 6> ^ < i 7> oil gfl^ ^^t}^ LLR^ <a^^?t^^ ^ oj^ njot 

^oflAi Af^sVfe ^l|^^J:7l7V Max LogMAP ^S7l7V oj-vi ;a^oJife, < S 6> 4 < it 7> ^1 LLR^ Hlafl^iiHl* 



[2 6] 



YkS) ^ 1 


A (Sk.3 ) 


A (Sk.2 ) 


Yk> 2a 


2Yk-2a 


Yk-2a 


0< Yk< 2a 


Yk 


Yk-2a 


-2a< Yk< 0 


Yk 


-Yk-2a 


Yk< -2a 


2Yk+2a 


-Yk-2a 



[a 71 





A(Sk,i ) 


A (sk,o ) 


\> 2a 


2X,,-2a 


Xk-2a 


0<Xk<2a 


\ 


Xk-2a 


-2a<Xk<0 


Xk 


-Xk-2a 


\< -2a 


2Xk+2a 


-Xk-2a 



51; 1 , "^"^ < a 7> A>^vs« oi^^H ^fl^^^7l -^^^^^ #^e>fe ;a^oj|fe 

<»1» < 6> 4 < a 7> ofl q-Ef\+ ^iSi]^ -tJ-^ o.^ a^Sf^ ofsflo^ < a 8> < X 9> 
^ < £ 8> oflAi Zk = l Ykl -2aolJi. < s 9> ofl^i Z'k = |Xk I -2ao]D^. < K 8> , < K 9> <^^' < K 6> 
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IK 8] 







A (Sk.3 ) 


A (Sk.2 ) 


Yk^O 


ZkSO 


Yk+(Yk-2a) 


Yk-2a 




Zk<0 


Yk 


Yk-2a 


Yk<0 


Zk>0 


Yk-(-Yk-2a) 


-Yk-2a 




Zk<0 


Yk 


-Yk-2a 



IS. 9] 







A (Sk.i ) 


A (sk.o ) 


Xk^O 


z^^o 


Xk+(Xk-2a) 


Xk-2a 




zv<o 


Xk 


\-2a 


Xk<0 


Zv>0 


Xk-(-Xk-2a) 


-Xk-2a 




Z^< 0 


Xk 


-Xk-2a 



t}B.^o] ^^A] Xfc. Yk, Zk, Z-kSl a -¥-J:ti)H(sign bit)<^l S]^ 7}^^j^^ :^^] t}<>\] < S. S> 

^<S.9>^ a.ol ^^^*>^ < a 10> 4 < a 11> ^ 5acf. < s 10> 4 < S 11> oflAi MSB 

(• )^ • ^ ^-S-^ulS (most significant bit) •!■ sin] ^cf. 



[jl 10] 



MSB(Yk) 


MSB(Zk) 


A (Sk.3 ) 


A (Sk2 ) 


0 


0 


Yk+Zk 


Zk 




1 


Yk 


Zk 


1 


0 


Yk-Zk 


Zk 




1 


Yk 


Zk 



IS. II] 



MSB(Xk) 


MSB(Zv) 


A (Sk.i ) 


A (Sk,o ) 


0 


0 


Xk+ZV 


zv 




1 


Xk 




1 


0 


Xk-Z^, 


z^ 




1 


Xk 


z\ 



< K 10> i=3J!l- i=2«^Aio) <g;^;g5;t ^, A (s wa ), A (Sk2 )i 

9> a}- :^c}-. 
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0 ifMSB(Z^)=\ 

1 iirA£SB(^)=0 and MSS(];)=0 



< S 11> ^^61 i=m i=ool]Ai5l ^^:^sJ: ^. A (s k.i ). A (Sk.o ^^l- ^e^A| o.^. a^sfl ^y^] ^^^^ i 



^Sl-ij 10 

A(i4j) = Jfj+/J-2j where fi-- 



0 if MSB(,2f^) = l 

-1 (rMSB(^)=0 W iMSB(Ar.) = l 

1 {rMSA(Z;[) = 0 and MSB(X,)=0 



16-ary QAM^ ^fl^itF c11<^]El ^f-A] Al^^oflAl. ^^tl-tls: ^> 7^ ifltb 43:7lfil %^oU\ ^ifl^ 

< 9> ^ < -^Aj io> 21 :L>'a-^v ^^^^ o\ 4;^^ ^ 2011 ^^-^^s. ^^^sx^. 

£ 2te ^ ^t^S] ^A] ofloil ic^^ 16-ary QAM«S'S-<i|* A]-8-«>fe -f-^Aji^oflAi ><||^^s:7l5 <a^J^fe 7))o| 

-il^LSf a 3 » ^^^^Vfe ^TilolBl. ^ H}^ -^^-ilJifif ^TiHAi ^oi;.i a 3' lit 

^ 7}^]aL ^iSi^ o^sfl ^^g^^ i^Tilolcf. ^a^^ ojl^^o^ ^^^7\S\ 41 ^^^7) (symbol 

demodulator)oilA-l sJc]-. 

£^ ^^oflAi ^ ^^Aj^^^o^ 7lel(2a)» 7H^ ^ "^r\U^ " ^ 7i)AV^Vc1- c^7lAi ^V7| z, Y,'-' a ^ 
^^<^lcf. zis]Ji, 203^m^^ 4f7l ^ofl s]tfi TflAV^ :a3).5;tol 0 7^^^)!. ^gAf^Vcf. oil4#<7. 4^7l 

Zk. Yk^ a ^ ^S:HlH(sign bit)«- t:]7]^^o_s. K^^^. n+el-^i, ^7) 203^;N)<H]-*i -^■7) ^ j^-Sisj 

^j^Hl^)- ^A>sH " 0" 91^]^ ^^}^^. ^V-a. 4^7l :ia!fs;tSl ^4}-^HlH7f " 0" ?! 205^ns. 
^^«>Jl, n^^l 209^7J1S. a # " 0" m^^. =L^SL, ^7] 205'a7fl<^Ai ^7) 

^^^^&(Yk)fi1 0 014^21 7M^^11- 2:, 4J-71 YkSl ^4h^HlS7l- " 0" ov<y 

^^I Yk2l 2lA^^H)E7> •■ 0" o] ;g o. 208ia^lS ?1^«H -^7] a « ■• r S. ii^;^! ^J^ 207^ 

n]S. ^^sH ^7] a » " -1" S. m^x:^. o]^, ^7] ^-1-4S7|^ 210ia7lH^i 4)-7l ^-tlAlJKR .)S.^^ 
vfl ^^Aj^(S,3 )ofl tfltt <&^^ik^ A, ..f,,..^. » ol-g-gfl TJlAVsf^l. xii Bi^ ^J:^-&(Sk2 nfl^V <a^;g 
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iSictTlls ^^«fc^ ^7J 3 « •■ 1" S ^^tFui. iz^^l 217^711^ ^itg^^o^ -^.7] 3 - ^T-i.. 5. 

^a^^Vcf o]:?:. ^71 41^4^71^ 220^mM ^7] ^a1^^(R,)SYeI ^^^4) ^J:^^(s,, )ol| cflth ^^^^t 



3)5i^'^<l:i:sil^7l(30l)fe -^'a^J:(Rk)2l 3)5i^>^^^^(Yk) ^ ^l-^s^l ^>^voflA-i ^ ^^^js-^voi 7151^2 
4q^^^^^(Yk)^ ^Jiofl e;H*H ^7| a ^;^*H #^^4. >lli^€^?)t #^7i(302)fe ^7] ^m^^m 

S.m7H301)^^^S] ^^aik. ^7] ^M^^^^i^(YO ^ ^7] 7]^(2a) 7^ jl ±y§ ^7] < 4^a-^ 9> 1 



^^>*>tl5:«l)>i^7l(303)fe ^>y-tl^(Rk)s; ^^l^^^§(Xk) m ^V>^£^ ^^iAi ^ 4i4)*^>^ 7ls](2a)» 
7l-^]3i fl-sjcfl o^sfl 3 7ilAV*i.o| ^^^T::^, Hi.<q. ^o], z-k(=N-2« )^ ^s.^ ^7] ^^^^ 

^(Yk)Sl ^^ofl e7l*H ^>7l 3 ^^^H ^I2^:^>ast #^71(304)^ ^71 *^>S-'tlJ:«il'4i7l 

(303)S.^B1S1 3 a. >i^7l *^^A^^(x,) ^ ^V7l >lE](2a) St* 7Wj7 ^7] < io> ^ ^^^cd 



£ 4fe -g- ^t^S] ^A] oiloll ttl-s. 16-ary QAM* ^3l^^^o_S. ^0]^ f-Al a1>,^o1)a-1 isllii45:7l <Q^ 

^51:* 'a-i-4^7i» >ih7i < 9> ~ < io> ^t^s^ ev^^qi^Hs ^^^v ^^^r* 

JiL<^$i^. ^^^^ -^^^J:(R,). f^^>5^^^(Xk), ^57^^A^§-(Yk). Zk, Zv, a 5^ B « 

T^^Jf ^11^1 -^^K401)- <a^s)- ^AiAi^(R^)oi 3lJS^^A^^(Yji4 AV^^o^ ^^^Ai ^ 

S^ifrt'-^ J^,"^^'',^* "^"^"^ '""^^ * ^ Z,?^^ #^^cf. ^>a7l(402)- >*7MlliS 

71(401)S.^E1S] Zk^sf " -r # ^«fl Zk^ «J:gAl5(^ ^ll 2^^^HlE^t'7l(403)^ 

-^71 ^M^^^^^iYO^ ^^m^m ;Hll<>d^ 7) (405)^1 ^i^-tls^S WnW. ^12^^^«] ^^#71(40 

4)^ ^71 ^ll;^A>7l(401)S^Elsl ^^7] ZfcSl ^12-^6171 (406 ^^^s.S. ^7] 

=HllAl^7l(405)^^7l 1 711 A>71 (401)5.^ El ^ ^J-7] ZkSl-^71 ^Hl 7l (402 )5.^El A^7i .. -z."« ojaeV 
«1, ^^7) Xl)l^^^H)E^t'7l(403)o.S^E]o^ Sl«fl A^7) <a^l-^ -td^*><^ #^t.>cf ;Hl2AH«i7l 

(406)^ >*7l ^lHde!7l(405)Sl O" * -a^^H. ^7l ;^12^^^h1e^#7|(404)S.^e1s1 Ai^Ai^oiToi 

«H ^71 <a^#^ ^de!*M t-^^Vc^-. ^117^^^71(407)^ A^7, ;Ml2Aiei 71 (406)31 #^^1. ^7l 2lJa5>ihAjJ^( 

7VAVSM Ml ^J:^l-ofl cfltb ^;a::^^os >^7l ;H117|1aV71 (401 )<»flAi ^712^2^ 
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^ "^rJ^J-ifl ^ ^]^J,^c^ ^^^^^ ^^7](412)fe ^^71 ;^l2^)-t>7l(411)^^Elo| 

Zvik^" -1" ^ ^811 -^^7) Z\2\ ^Ji» «V^A)?j ;*ll3^>y-^HlE^#7l(413)fe ^7] ^^^^^^(X.)s^ 

^I3>5de!7l(415)a; '5dei-llS:S.#^^cf. ^]4m^^]^^%7](4U)^ ^^7] ;Hl27il-t}7)(4li) 
S.^^S] >a-7l Z^SI ^l^s^o^ ;^l4>a^7l (416)31 -yei^JlS ^^tF^^. ^71 ;«ll3^e}7l(415)i- A)-7l 

'H]27il'LV7l(411)^^E)o1 ^7) Z\^^7] ^l2^^7l(412)^-¥-ElSl ^71 " -Z-," » ^7) :*ll3^^^HlS 

^#7i(4i3)s^Eisi -aei^iis:'^ si«fl ^7] <a^i-^ ^^^c^ ^14-^1^71(416)^ >s-7i n]3^^^7] 

(415)31 #^4 0" -i: ^71 ;^l4^^^alH^#7l(414)S^ElSl S1«|) >^7l 

<aeisVo1 ;Hl27HJ-7l(417)^ ^7] ;»ll4<d^7l(416)2l #^4 ^V7l ^^^^^^(X ,)«- 7}^^t}<^ ^s. 

-airoll cfl^V <^^^ik^^ #^ttcf. >a-7l ;Hl2^1'tl-7l(411)«>flAi ^]^^ ^7] Z\ik^ ^ ^^-ai-ofl cneV 



f^eH^l ^^a-^a^'gaf ^ ^'^Sl o4^:^?Jt:i^3l >3^-g- HlJasfljiL^ cf^sf :g-c1.. 

«l^^:5i°llMsi^* 7(lA}.7i§ < ^a^Aj 4> oil s)«II ziifls ^ ^sflai 

3e}:a 47i]3i 'aEl^ajAiuvo^ ^^^J^oi o^oi, ^B^7]s] a]^v^ §o1ji zi ?]-^Al?lfe ' 

oM < S 12><HI ie{0. 1. 2. 3}^ ^-f . >S-7l ^91-<i) 4J4|- >y-7l < 9> ~ >g-7] < 



[i 12] 



ie{0, 1, 2. 3}?] ^^31 < 4> : " 1 


< "t^*! 9> ~ < 4=t<ij io> 


7K>7| 3x 16+4- 52 7fl;*«^7| 2X 16= 32 7l|Hl5l7| 7x 2x 4= 56 7l) 


7^^^7l 4 7||#-87| 2 7ll^El#a|Ai 4 7l| 



^«>1. ^ -a^Vaj^s o^^^ olf'^^nflS^^Sl »^aie11-ol < 4> ^ 16-ary QAM 

oj) ai^svc^ ^^is. ;g^o,) ^i^st}^ Ai^v;.!.^ ^ #olJi^> < ^n-i] 5> ~ < ^tS^i] 8&g 

t; , nelzL < a l> ~ < s 5> o| o. :f-sB < s 6> ~ < 11> # £#Sl-al ojs. 1 
6-ary QAMoflAisi ol^^^ufleei^ ^^a] Afl^^ ^^<i1^ < -^«l-i1 9> ~ < ^^-^ io> 
Sl-^cl-. < 9> ~ < io> ■!■ el-s$ll<Hs. ^^sj-fe ^^l-l- ;i|l^«l-Ji SUcf. 

^ •i-'g3l -y-^l^V -a'S^l^i^ £ loflAi jiol^ 16-ary QAM^I ^^JE<>|| t^^ ^^J§?> Tfl-t}- f}-^ ^ ^g-^lo)) oH-sH ^ 
^^]S] ^^o] 7>^^^ #*olcf. Z15l°^, ^ ^<331 ^lAl^ ^^^Sofl cfl^V -^AHjofl ^tt5)«H ^i;^>^1^ 

<*1-M ^i^^Vfe ^*1^^31 ^^ai- 5.^^ 5j§ofl si«fl ^«fl;?1o> 

i-'^£i 

^J-t'^V Hl.54 ;^ol ^ cflolE) ^A) Al>,^o| 16-ary QAM ^27|oi|Ai ^sfl ^^:S:7l3l <a^^S A^5l^ <^^^ 

SKsoft decision value)* olf^aj^-nfleg^^^ /-l-i-sH ofl 71^31 Tll-tV-i?* AV-g-S]-^ ^<at!- ^^li xfl 

^V'SsfJl ^^tb Til^v* 7}^n sffe «^^* ;HlAl«>ji 5^0.1:^, o1# si-s.$l)o1^ ^^tb -a^^St jiAV7i ^ 
42:7131 Alt>* ^o]^ * 4^JE# ^;H«1 ^5^1^. I 

(57) %1^3) 
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1. 

ajja^-y-^^^ Yki4 f^^^-l^^ Xk^ 16-ary QAM(Qudrature Amplitude Modulation) ^-{J-tlJ: R -H- 

'?l't>ol '^HhSdnapping table)!- ©l-g-sH 47l)Sl -^-Jl^l-oll cfl$K 2^2^^ •a^^aS-i- ^^«>i- 

i^^-i- O-S >S-7l 



[S 13] 





A (Sk,3 ) 


A (Sk,2 ) 


Yk> 2a 


2Yk-2a 


Yk-2a 


0< Yk< 2a 


Yk 


Yk-2a 


-2a< Yk< 0 


Yk 


-Yk-2a 


Yk< -2a 


2Yk+2a 


-Yk-2a 



<^7lAi, ^7] " A (sk.3 )" -8: -^71 4^^4| -¥-:fe^l-o)l cflt.V o4^^st<^lJi. ^7] " A (s k2 )" ^ ^71 3»i^ -¥-J:'a^oll 



[a 14.1 





A (Sk,i ) 


A(Sk.o ) 


\> 2a 


2Xk-2a 


Xk-2a 


0< Xfe< 2a 




X,c-2a 


-2a< Xk< 0 


\ 


-Xk-2a 


\< -2a 


2Xk+2a 


-Xk-2a 



°^^]^'\,^7] "ACsk., r-&^7] 2^^^s.^j^oii <&^^^o]ji^ ••A(sko r^^7] i^^fl ^ji-a^oj) 

■flt^ ^^^21:<»H. >S-7) •• 2a" ^^oflA-l :^ ^^i-y l-^l-fil TleJ-i- u).^>S. 



^Ja^>^^^^ YkSf XkS ^^^Slfe 16-ary QAM(Qudrature Amplitude Modulation) ^-tl-tlJ: R u» ^ 
"S-^ofl 5a<H>H. 

^)i2^>t^A^^ Yk# ol^si-o^ ^ Y^^ai-ofl cHtb "S^^S-i- S^7l < 11> ofl o^sa a^asV^ 

^«^Si(r I n ^ d rv- -111 
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^^SJ: i^sVfe 



^e]-4i 11 



0 ifMSB(Z,)=l 

-1 ^A<SB(^)=0 am/ MSB(Yt)=l 

1 iirAISB(Z;)=0 onrf iHBB(i;)=0 



A(*„) = Zt 



cfl^V ^^'SStol'^. ^71 - 2a" ^V^ss) ^^oflA] ^ TfelS i4^ifli>^ MSB(- )fe • ^^v^ 

olS(most significant bit)# ^n]^. 



^S}-6) 12 



A(*,^)=z; 



0 i/A4SB(Zj)=l 

-1 iyA«SB(^)=0. on/ AC»(Jf,)=l 

1 1/^58(2^) =0 on/ MSB(X,)=0 



^^^^o]^, ^7] " 2a" ^ ^^ofl>H ^ ^2:'a«-?V5l 7le1# ^kfiflul MSB(- )fe • a] ^>S-iH 

HlH(most significant bit)* 

5. 
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6. 



^^»]E.7} " 0" o]ji als^^^^^o; ^A^^BlH7f ■• i" o]^ ^y] a « " -1" S. l^^*foJ '.^V7l Z.si m 
>*^l«lS7f 0" ^71 ^>ih$lule7> 0" o]^ ^7) a * " 1" ^ ^^^^Z 



8. 

IBi^ -^^^l-ofl ifltV <a*^St2^'y3l ^^^lHlS7f •• 1" >i^7l 3 » " 0" ^l^^^Vjl >^V7] Z', ol a 

^^«1S7> •• 0" oU ^71 ^fl^^^^^^o^ ^4h^«lS7V " 1" ol^ ^V7l B 1- " -1" S. ^^^^r^ ^7] ^2 

^^\^7\ 0" o] ji ^71 *4H^1-^^$S1 ^^^«1E7> " 0" o]^ ^7] «^ B * " 1" 5. 5ji ^^^S. Sffe 



Y^^ f-^^i-^^^ ^^^Slfe 16-ary QAMCQudrature Amplitude Modulation) R ^ 

^^^^^^ oi-g-*H 2€«i| % ^s-a^ofl tfl^ ^^^a^ ^l2^^;ss;t S.«-S>i- 

10. 



- 14 - 



"S-ym^ ^2003-0014872 



^ch^l ^llTil-LM^^Blol ^7]Z^^ ^^7]Z^S] -a^^t^. ^71 ^jS^l^^A^^ y^Sl ^JlHlSCsign bit)ofl 



^71 ;Mll'<dei7lsl #^4 " 0" ^ <a^5H. ^7) -^sofl rtfef ^7] ^d^l- ^ ^fuf* -Jd^sH ;Hl2<a^ 



'il:7l» ^^^^ Sffe ^^1. ' 

^^n- 11. 

^7) ^^^^^^ XfcS} ^71 A>^£S1 :g-<a ^ ^^Aj^^vs; 7WJI -ij --^rl^J-2fl .. ^ ;5fl>,vsV 



^71 ^3^^7]s] 0" ^ <U^^^, ^7] z;^ ^^65 n^^^ ^^.^j ^j^^ ^ ^i.^.^ Ai«!^<^ ^^H-ae} 

^1 ^1 



^71 ^]4<aej7l^ ^7) -^fl-^^J^ Xk* 7V>LV«H ^71 2^?fl ^Ji-ai-ofl cHtv -a^^st^ ;H127Va1- 

7] * i^*>fe ^ # -^^ ^5. Sl-fe . 



J? 

•Is. 

'ft 0 


1 i 

1 i. - 

0 


L 


1000 


1- 

■« 1 


1- ■ 

0 

1 




•8 

1 


5« 

0 


0 


1 

■° •= 


•5 


0 
0 


0 

0 




•0 
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2 




3 



a < 



301 

L_ 



302 



303 



§?1 ^^iJt; 



304 

/ 



^2 0«aSQ 



■^A(S,,3) 
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A(Su) 



